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Among the various sectors of the Brazilian economy, agriculture plays a prominent role, generating jobs
and income for the country. However, the agricultural sector faces systematic annual losses due to pests
and diseases. The damage caused by insect pests is one of the primary factors leading to the reduced
production of major crops. The study presented here estimates the production losses of major crops
caused by insects and the economic impact related to the direct damage caused by insects, to the pur-
chase of insecticides, and to medical treatment for humans poisoned by insecticides. The results indicate
that insect pests cause an average annual loss of 7.7% in production in Brazil, which is a reduction of
approximately 25 million tons of food, ﬁber, and biofuels. The total annual economic losses reach
approximately US$ 17.7 billion. These results are important for government policies in the agricultural
sector, as well as indicate the need for updated data regarding the losses caused by insects in Brazil and
the need for systematic monitoring of these losses.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Brazilian agriculture is a primary sector that generates income
for the country (Baer, 2002; Barros et al., 2009; Morán, 1993);
agriculture accounted for 4.45% of the gross domestic product
(GDP) and reached US$ 100.1 billion in 2012 (IBGE, 2013a). Agri-
cultural commodities have been the main focus of Brazilian pro-
duction and exports. Globally, Brazil is currently one of the leading
manufacturers and exporters of food, ﬁbers, meat and energy, and
it is one of the largest producers of coffee, corn, soybeans, sugar-
cane (sugar and ethanol), oil plants, oranges (fresh fruit and juice),
grapes, and bovine, swine, and poultry meat (USDA, 2013).
Insect pests are the major competitors with humans for re-
sources generated by agriculture, and are favored by monocultures
in extensive areas and the intensive use of fertilizers (Oerke and
Dehne, 2004). The damage caused by these organisms is one of
the most important factors in the reduced productivity of any crop
plant species (Cramer, 1967; Metcalf, 1996; Pimentel, 1976). LossesOliveira).
All rights reserved.can occur in the ﬁeld (pre-harvest) and during storage (post-har-
vest) (Oerke, 2006).
Accurate estimates of agricultural losses caused by insects are
difﬁcult to obtain because the damage caused by these organisms
depends on a number of factors related to environmental condi-
tions, the plant species being cultivated, the socioeconomic con-
ditions of farmers, and the level of technology used. By contrast,
few governments have solid programs to monitor and systemati-
cally evaluate the losses in agricultural activities that are caused by
pests, including insect pests (Yudelman et al., 1998). In Brazil, data
on agricultural losses caused by insects are extremely scarce and
scattered in the scientiﬁc literature.
In addition to the economic losses caused by the direct action of
insect pests that damage crops, the measures taken to control these
organisms can also cause indirect economic losses related to the
purchase and application of insecticides, to expenses related to
medical treatment for people poisoned by insecticides, and to
damage caused by environmental contamination.
The objective of this study was to estimate the production losses
and economic losses caused by insect pests affecting major crops
grown in Brazil, including losses related to direct damage caused by
pests, to the purchase of insecticides, and to medical expenses for
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C.M. Oliveira et al. / Crop Protection 56 (2014) 50e54 51humans poisoned by the insecticides used to control these
organisms.
2. Material and methods
The estimated economic losses in the production of plants
cultivated in Brazil were based on the percentage of damage caused
by insects (pre-harvest losses) proposed by Goellner (1993) and
Bento (1999), which is based on normal crop conditions; therefore,
this measure is related to crop losses caused by insects even after
control measures have been adopted (sensu Oerke et al., 1994).
Economic losses (Table 1) were estimated for each crop byle 1
antiﬁcation of the crop losses and economic impact of insect pests on agricultural crops
Losses a Production
(1000 t)b
Economic
loss (million US$)c
E
(
rops
ugarcane (sugar) 10 37664.2 2528.33
ugarcane (ethanol)e 10 23624.1 2081.42
orn 7 76068.2 1945.75
oybeans 5 82063.5 1518.63
obacco 31 851.9 1112.79 2
rabica coffee 12 2300.6 1018.76
eans 7 3283.8 581.75
ice 10 12050.1 543.31
otton 10 1399.8 409.14
obusta coffee 12 748.9 271.87
otton seed 10 2249.1 163.56
eanut 43 320.8 161.44 1
assava 2 24455.7 116.21
heat 5 4300.4 106.83
orghum 5 2246.6 23.81
arley 7 260.8 7.17
ruits
ranges 10 18408.6 520.55
ananas 10 7304.0 383.05
pples 6 1375.5 164.66 4
oconutsf 12 1932.5 162.53
rapes 4 1483.0 80.49 1
acao 10 243.8 67.00
ashew nuts 15 276.4 47.27
assion fruit 2 920.2 35.45
angerines 6 1122.7 34.73
ineapplesf 3 1580.8 30.77
apayas 4 1871.3 29.44
imes 6 1020.3 26.23
angoes 3 1188.9 18.28
elons 2 478.4 9.09
uavas 5 316.4 6.50
eaches 5 220.7 5.48
endê palm nuts 2 1292.7 4.73
egetables
omatoes 7 3862.9 243.37 3
nions 5 1314.7 47.90
arlic 5 101.0 26.76 2
otatoes 3 3615.9 26.74
ther crops
ubberg 30 221.8 168.72 1
iscellaneoush
otal 14730.54
ata not available.
Percentage of losses caused by insects based on Goellner (1993) and Bento (1999).
Source: CONAB (2012); CONAB (2013a, 2013b) and IBGE (2013b, 2013c).
Based on the average price paid to the farmer per kilogram or liter, source: Anonymou
Source: SINDAG (2013).
Thousand liters.
Million fruits.
Kg of natural rubber.
Total refers to cultivation of ﬂowers; fruit (not present in Table 1), vegetables (not pres
Total refers to cultivation of sugarcane for production of sugar and alcohol.
Total refers to cultivation of coffee arabica and conilon.
Total refers to cultivation of cotton for lint and seed production.
Total refers to cultivation of wheat, barley, oats and rye.multiplying the estimated loss in production (sensu Walker, 1983)
caused by insect pests and the mean price paid to the producer per
kilogram or liter of each product. Economic losses per unit area
(US$/ha) (Table 1) were estimated by dividing the economic losses
caused by insect pests obtained for each crop by planted area. The
mean percentage of losses in production for all crops was obtained
by multiplying the total loss in production by 100 divided by the
total yield of crops. The data regarding the production of each crop
were obtained from the National Supply Company (CONAB) and the
Brazilian Institute of Geography and Statistics (IBGE) (CONAB, 2012,
2013a, 2013b; IBGE, 2013b, 2013c), and average prices for each
product were obtained from the Ministry of Agriculture, Livestockgrown in Brazil and consumption and sale value of insecticides by crop.
conomic loss
US$/ha)
Production
loss (1000 t)
Insecticides
(1000 t)d
Insecticides sales
(1000 US$)d
541 4184.9 4758i 262,167i
2624.9
126 5725.6 11,386 242,699
55 4319.1 83,667 1,322,191
730 382.7 148 10,228
441 313.7 8180j 130,113j
182 247.2 1556 39,612
225 1338.9 1557 32,873
592 155.5 32,760k 589,947k
682 102.1
249.9
680 242.0 233 7933
66 499.1 * *
56 226.3 1162)l 41,072l
30 118.2 * *
71 19.6
642 2045.4 9198 81,497
768 811.6 202 1260
281 87.8 1870 6506
628 263.5 * *
004 61.8 155 3796
99 27.1 * *
64 48.8 * *
573 18.8 * *
652 71.7 * *
506 48.9 * *
820 78.0 * *
552 65.1 * *
239 36.8 * *
461 9.8 67 2983
407 16.7 * *
272 11.6 * *
43 26.4 * *
807 290.8 1675 49,653
835 69.2 108 2132
655 5.3 20 387
204 111.8 2168 37,903
242 95.1 * *
3204 59,385
164,074 2,924,337
s (2012), CEPEA (2013) and IEA (2013).
ent in Table 1); pasture; species used for reforestation and stored grain.
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Applied Economics (CEPEA, 2013) and the Institute of Agricultural
Economics (IEA, 2013) (Table 1). Data regarding insecticide ex-
penses in Brazil were obtained from the National Union of the In-
dustry of Agricultural Defense Products (SINDAG, 2013). The
treatment costs for people poisoned by insecticides were estimated
bymultiplying the number of patients hospitalized with insecticide
poisoning by the average value spent by the Ministry of Health in
the public health system for the treatment of such poisoning
(SIGTAP, 2013; SINITOX, 2013).
3. Results and discussion
Data on agricultural losses are essential for the management of
pest species and for evaluating the effectiveness of current plant
protection practices (Oerke and Dehne, 2004). They are also
necessary for planning food policy and for economic reasons,
because such losses can inﬂuence the international price of agri-
cultural products based on the laws of supply and demand. These
data provide resource allocation information for studies on pests
and diseases and provide also a basis for making decisions on the
relative importance of these organisms with respect to agriculture
and the environment (Walker, 1983).
Several estimates of worldwide losses caused by insects have
been calculated since the middle of the 20th century. In 1967,
Cramer (1967) estimated that worldwide losses were approxi-
mately 13.8%, and Pimentel (1986) estimated a 13.0% loss caused by
insects in 1985. Oerke and Dehne (2004) reported approximately a
10.1% loss for eight major crops - rice, wheat, maize, barley, po-
tatoes, soybeans, cotton and sugar beet - due to pests, and more
recently, Oerke (2006) estimated worldwide losses between 7.9%
and 15.1% for wheat, rice, maize, potato, soybean, and cotton, even
with effective control measures.
In Brazil, estimates of the losses caused by insect attacks on the
35 major crops vary between 2 and 43% (Bento, 1999; Goellner,
1993) (Table 1). We estimated that, on average, insects cause los-
ses of 7.7% in these major crops, generating an annual loss of
approximately US$ 14.7 billion to the Brazilian economy (Table 1),
despite the adoption of control measures.
Therefore, in terms of volume, Brazil suffers a reduction of
approximately 25.0 million tons of food, ﬁber and biofuels. Of this,
approximately 12.5 million tons of grain, 0.4 million tons of coffee,
4.2 million tons of sugar, 2.6 million liters of ethanol, and
0.5 million tons of cassava are lost annually, with an approximate
loss of US$ 12.6 billion. Approximately 3.7 million tons of fruit are
lost; together with 0.5 million tons of vegetables and 95,000 tons of
natural rubber, these losses approach US$ 2.1 billion (Table 1). In
relative terms, the greatest losses per area are observed for apples
(US$ 4281/ha), tomatoes (US$ 3806/ha), tobacco (US$ 2729/ha),
garlic (US$ 2655/ha), peanut (US$ 1679/ha), rubber (US$ 1242/ha)
and grapes (US$ 1004/ha) (Table 1).
In addition to the economic losses related to reduced produc-
tion, pest control requires measures that contribute to increased
spending, which increases the damage that these organisms cause
to the economy, to the environment, and to human and animal
health. Brazil is one of the largest consumers of pesticides,
including insecticides, miticides, fungicides, and herbicides, and
the sales of these products reached US$ 8.5 billion in 2011 (SINDAG,
2013). Although successful control strategies of pests are used in
Brazil that enables the control of key pests with reduced environ-
mental impacts, based, for example, on biological control agents,
such as in sugarcane for stem borers (Botelho, 1992), and the use of
genetically modiﬁed plants in crops like soybean, corn and cotton
(Sousa Ramalho et al., 2011; Bernardi et al., 2013; Okumura et al.,
2013), the application of synthetic insecticides has been the mainmeasure used to control insect pests. Brazil consumed 164,074 tons
of synthetic insecticide in 2011, reaching an annual expenditure of
US$ 2.9 billion (Table 1) (SINDAG, 2013). Currently, there are 102
active ingredients (insecticides) used in Brazil and 423 commercial
products with insecticidal action that are registered at the Ministry
of Agriculture, Livestock and Supply (MAPA); 51.6% of these in-
secticides belong to toxicological class I (extremely toxic) or II
(highly toxic) (Anonymous, 2013).
Although in modern agriculture, pesticides, including in-
secticides, have been important tools for producing food with the
quality and quantity needed for the growing world population,
their use may generate environmental costs and costs related to
acute and chronic hazards to human health (Pimentel, 2009; Costa
et al., 2007; Dasgupta et al., 2001; Pimentel et al., 1992).
According to the World Health Organization (WHO), for each
reported case of pesticide poisoning, there are at least another 50
unreported cases (Dasgupta et al., 2001). Therefore, an estimated
338,150 (6763 cases  50) cases of pesticide poisoning occurred in
Brazil in 2009 (SINITOX, 2013), with annual treatment-related ex-
penses amounting to approximately US$ 29 million. In addition to
the cases of acute poisoning that occur in Brazil, a study conducted
in 11 states showed that the use of pesticides, including in-
secticides, may be related to mortality caused by chronic diseases
such as various types of cancer (Chrisman et al., 2009). Food
contamination by residual insecticides is another social cost, and
studies conducted in more than 13,000 food samples in Brazil be-
tween 2001 and 2010 showed that approximately 48.3% of the
samples had residues of at least one insecticide and that approxi-
mately 2.7% of the samples had substances concentrations above
the levels allowed by the National Agency for Sanitary Surveillance
(Jardim and Caldas, 2012). However, there are no data available in
Brazil that estimate the economic losses due to chronic diseases
caused by the use of, exposure to or consumption of foods with
insecticide residues. In addition to the acute and chronic effects of
insecticides, other costs are generated by the absence or loss of
employment of poisoned individuals. In the U.S., the annual social
cost of agricultural pesticide use, including costs related to the
treatment of acute and chronic poisoning, the loss of employment,
and death, has been estimated at US$ 1.2 billion (Pimentel, 2005).
The environmental impacts of pesticide use are primarily the
contamination of surface and groundwater that is used for drinking
or irrigation and soil contamination (Dams, 2006; Fernandes Neto
and Sarcinelli, 2009; Pedlowski et al., 2012). However, Brazil has
limited systematized information from national epidemiological
and toxicological studies regarding the identiﬁcation of chemical
contaminants in aquatic environments and the relationships of
these contaminants to adverse effects on human health (Fernandes
Neto and Sarcinelli, 2009). The same is true for soil contamination.
Based on the data gathered in this study, the economic damage
caused by insect pests in Brazil - including costs related to the
volume of food, ﬁber, and biofuel that the country fails to produce;
to the purchase of insecticides; and to expenditures for medical
treatment of people poisoned by agricultural insecticides - reaches
US$ 17.7 billion annually. Although this value is high in absolute
terms for an emerging country such as Brazil, this amount is most
likely an underestimate because no data are available for losses
caused by insect pests for all crops, and no data are available to
estimate the expenses related to insecticide application. Addition-
ally, no data are available to estimate the social costs related to
medical expenses for the treatment of chronic diseases and income
loss as a result of the removal or loss of employment of pesticide
exposed workers or to estimate the environmental costs related to
the contamination of soil and water by these products. However,
the gains in production due to the use of control measures, pri-
marily synthetic insecticides, must be considered in a more
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estimated the agricultural economic losses caused by insects.
During the late 1990s, Bento (1999) estimated that direct damage
by insects to 33 major crops caused annual agricultural losses of
approximately US$ 2.3 billion. More recently, Oliveira et al. (2013)
updated this ﬁgure to approximately US$ 12 billion.
The estimates presented in this study are based on the per-
centages of losses caused by insect pests estimated in the 1990s
(Goellner, 1993; Bento, 1999). However, the framework of Brazilian
agriculture has changed signiﬁcantly. In the primary agricultural
regions of the country, particularly those with large growing areas,
farmers have adopted an intensive system of production with a
summer crop, a second season or “off season”, and irrigation during
the winter. This scenario is known as “green bridge”, whereby crop
overlapping makes food resources available for herbivores, partic-
ularly polyphagous insects, throughout the year. In addition,
several changes in cultural practices have been implemented in
Brazilian agriculture, such as increased adoption of the no-tillage
system; a reduction in the spacing of several crops such as corn
and soybeans; changes in plant architecture; variations in the crop
cycle; and a large expansion of transgenic crops. Furthermore, in-
tegrated pest management (IPM), which was adopted in Brazil in
the 1970s and became widespread across various crops in the
following decades (1980s and 1990s), such as soybean (Panizzi,
2013), has fallen into disuse in Brazil.
We hypothesize that this entire set of factors has led to a sig-
niﬁcant change in the importance of different insect pests for every
crop; some key pests have lost relative importance, and others that
were previously considered secondary now represent major chal-
lenges to pest control. For example, the implementation of mecha-
nized harvesting of sugarcane in recent years has favored the
increased populations of leafhoppers of the genus Mahanarva
Distant (Dinardo-Miranda et al., 2002). In some regions of Brazil,
populations of Diatraea ﬂavipennella (Box) have been higher than
those of Diatraea saccharalis F., which is the main pest of sugarcane
in Brazil, due to the use of resistant varieties and the parasitoid
Cotesia ﬂavipes (Cameron), which controls D. saccharalis but are less
effective in controlling D. ﬂavipennella (Freitas et al., 2006). In corn,
second-season crops and irrigation have increased the intensity of
use of insecticides to control the main crop pest, Spodoptera frugi-
perda (JE Smith), and favored the development of pest populations
resistant to insecticides (Diez-Rodrigues andOmoto, 2001; Carvalho
et al., 2013). In soybean, caterpillars of the genera Spodoptera Gue-
née and Chrysodeixis Hubner have increased in importance as de-
foliators due to the excessive use of pesticides and the decline in the
use of integrated pest management (Moscardi et al., 2012; Bueno
et al., 2013). In recent years, soil pests (Coleoptera: Melolonthidae)
have increased in importance in grain crops in center-south regions
of Brazil (Oliveira et al., 2007; Oliveira and Frizzas, 2013). The
introduction of exotic species of insect pests can also greatly inﬂu-
ence crop losses. A good example is the recent outbreak of cater-
pillars of the Helicoverpa armigera (Hübner) in soybean and cotton
crops in Bahia, Goiás and Mato Grosso states (Czepak et al., 2013),
which was estimated to have caused losses of approximately US$
500 million for the 2012/2013 crop (SEAGRI, 2013).
In this context, the changes in Brazilian agriculture in recent
decades, reﬂecting changes on the relative importance of different
groups of insect pests in several crops, reinforce the imperative
need of implementing systematic programs for updating, moni-
toring and evaluation of losses caused by insect pests.
4. Conclusions
Crop loss estimates due to insect damage are an important tool
in integrated pest management (IPM). These estimates are alsoused by government agencies to better decide where to allocate
research funding, and to determine the relative importance of these
organisms in relation to agriculture and the environment. Although
agriculture is one of the mainstays of Brazilian economy, this study
represents one of the most unique and comprehensive analysis
undertaken in the country to evaluate the damage caused by pest
insects in major crops. Because of the lack of information in Brazil,
the data presented in this study do not accurately represent the
losses caused by insects in Brazilian agriculture. However, our es-
timates demonstrate the importance of insect pests to Brazilian
agriculture and indicate the need for updated data regarding
agricultural losses caused by insects as well as the need for sys-
tematic monitoring of these losses by both government agencies
and public and private research institutions. Such monitoring could
function as an instrument for the creation of public policies
regarding the allocation of resources for research and pest man-
agement in Brazil, which will ultimately increase the country’s
competitiveness in the international market.Acknowledgments
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